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Abstract 

In a study in Sydney, Australia, exposure to environmental tobacco smoke 
(ETS) particles and respirable suspended particles (RSP) For 319 self-reported 
non-smokers was assessed by personal monitoring. The subjects were sepa¬ 
rated into four distinct groups for investigation: Home, Work, Elsewhere, and 
24-Hour, which were further sub-divided based on whether they lived or 
worked with smokers. Saliva samples for cotinine analysis were taken at the 
start and end of each monitoring session. Good correlations (R- > 0.86) were 
found between the three methods used in this study to assess the contribution 
of ETS particles to RSP from all sources. Annual exposure estimates for ETS 
particles and nicotine in smoking homes were greater than in smoking work¬ 
places. Median annual exposure in smoking homes and workplaces equates to 
less than 4 cigarette equivalents per year (CE-y -1 ). Exposures in non-smoking 
homes, non-smoking workplaces and away from the home and workplace were 
below the limit of quantification for most subjects. Based on the 90th percen¬ 
tile, the highest exposed subjects would potentially inhale no more than 15 
CE-y 1 . Subjects living with smokers had greater ETS exposure whiLe away 
from home and work compared to subjects living with non-smokers. This Else¬ 
where group were also exposed to the highest RSP concentrations. Question¬ 
naire data indicated that subjects consider bars/restaurants to be the locations 
where they are exposed to most ETS in their daily lives. However, 62% of 
these subjects considered their exposure in these locations to be ‘none’ or ‘very 
low’ during the monitoring period. Saliva cotinine determinations would 
appear to be a good marker For evaluation of ETS exposure at 90th percentile 
levels. Out of 331 subjects recruited as non-smokers, 6 (1,8%) misreported 
their non-smoking status as demonstrated by their saliva cotinine level. 
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I 


Introduction 

The main objective of this stud}' was to determine the 
personal exposures to respirable suspended particles (RSP) 
and environmental tobacco smoke (ETS) particles for non¬ 
smoking inhabitants of Sydney. In previous studies [1-6] 
conducted by the authors, two groups of non-smokers were 
studied. One group consisted of housewives who wore a 
monitor for 24 h, and a second group consisted of office 
workers who wore one monitor while at work and a sepa¬ 
rate monitor while not at work. These studies provided 
data on workplace exposure together with home exposure 
combined with some exposure emanating from ‘elsewhere’. 
For Sydney a new approach was used by measuring a group 
of subjects’ exposure only while at home, a second group 
Only whileat work and a third group whilst neither at home 
nor at work (i.e, ‘elsewhere’). Total exposure from all 
sources was assessed in a fourth group of subjects who wore 
a personal monitor at all locations throughout a 24-hour 
monitoring period. This revised Sydney protocol will allow 
a more direct comparison between home, work and other 
sources of exposure. The method selected also should pro¬ 
vide meaningful and much needed data regarding ETS 
exposure in Australia, a deficiency highlighted by the 
National Health and Medical Research Council Working 
Party on Passive Smoking in November 1995. However, a 
disadvantage of using separate monitors for separate loca¬ 
tions would be shorter sampling times perhaps resulting in 
poorer limits of quantification. One solution may be to 
design a single monitor to allow discrete sampling in more 
than one location, over periods longer than 24 h. This 
approach would be even more reliant on the subjects fol¬ 
lowing the protocol to ensure study integrity. 

The study was conducted in Sydney during June and 
July 1996, which was the eleventh in a series of cities stud¬ 
ied for air quality by the authors. As in our previous stud¬ 
ies personal monitoring was chosen as a more accurate 
means of determining exposure compared to fixed site 
monitoring. Results for some of these cities have been 
published [1-6] and other papers are in preparation, In 
the United Kingdom the Department of the Environ¬ 
ment, Transport and the Regions is to issue the final draft 
guidance note on local authority air quality management 
and has indicated that personal exposure measurements 
should be considered when assessing air quality (Air 
Quality Management, October 1997). A similar study 
using personal monitoring for determining exposure to 
RSP and ETS has been published by Jenkins et al. [7] 
involving measurements of exposure for approximately 
100 non-smoking subjects in each of 16 US cities. 


Non-Smokers’ Environmental Tobacco 
Smoke Exposure in Sydney 


At the time of this study in Sydney, articles appeared in 
the Australian press highlighting local air quality issues. 
The Sydney Morning Herald of May 27, 1996 had the 
front page headline ‘Australia’s deadly air pollution: un¬ 
safe at any levei’ and reference was made to low levels of 
PMio having serious health implications. The following 
day the Sydney Morning Herald continued with the air 
quality theme with the headline ‘Sydney choking on its 
10-cigarectes-a-day air’. This comment was attributed to 
researchers from the University of Technology in Sydney 
claiming that Australian fuels contained higher levels of 
some carcinogens than were permissible in most other 
countries. These researchers were quoted as saying ‘Syd¬ 
ney’s air now contains such high levels of potentially can¬ 
cerous pollutants that just breathing it poses a similar risk 
to smoking more than 10 cigarettes a day’. In this study 
approximations will be made of potential inhaled quanti¬ 
ties of environmental tobacco smoke, based on cigarette 
equivalents. These will be derived from measurements of 
some components of the vapour and particulate phases of 
environmental tobacco smoke collected using personal 
monitors. 

The sample collection equipment and analytical proce¬ 
dures used in this study have been reported previously [1] 
and other recent studies have used similar techniques [7- 
10], As in previous studies, volunteers reported activities 
and observations about air quality using diaries and ques¬ 
tionnaires and saliva samples were taken for cotinine 
analysis to confirm each subject’s non-smoking status. 
Some investigators attempt to assess ETS exposure using 
information either from questionnaires or cotinine mea¬ 
surements alone. The data obtained in this study will 
allow these two approaches to be compared with actual 
ETS exposure measurements. 


Methods 

Recruitment of Subjects 

Recruitment was performed by AGB McNair, a large market 
research bureau located in Sydney, from files created using proce¬ 
dures based on the Mosaic gcodemographic classification system [1]. 
The intention was to fill each of the eight cells listed in table ! with a 
group of non-smokers who were representative of the population 
within the recruitment area, i.e. within 15 km from the centre ofSyd- 
ney. 

Subjects were contacted using randomly selected telephone num¬ 
bers and were screened at this stage to confirm their eligibility to 
participate in the study. Suitable volunteers were given an appoint¬ 
ment tu attend an information/training session {‘the first visit’) 
which included a video demonstration of how to use the sampling 
equipment. 
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Table 1. Cell categorisation by home 
and workplace status (Sydney) 


Cell 

Study group 

Smoking status 


Planned 

household 

workplace 

flltfnber 

A 

Home pump group 

Smoking 


40 

B 

Home pump group 

Non-smokine 


40 

C 

Work pump group 


Smoking 

40 

D 

Work pump group 


Non-smoking 

40 

E 

Elsewhere pump group 

Smoking 


40 

F 

Elsewhere pump group 

Non-smoking 


40 

O 

24-Hour pump group 

Smoking 


40 

H 

24-Hour pump group 

Non-smoking 


40 


In order to assign subjects into each of the cells, a household was 
classified as ‘smoking' if a smoker of cigarettes, pipes or cigars was 
resident and also normally smoked within communal areas of the 
household. The smoking status of a workplace was defined by the 
absence/presence of smoking co-workers based within 30 m of the 
subject's workstation. 

The Monitoring Session 

Each subject was required to wear a personal monitor, designed 
to collect air close to the breathing zone [11], whilst performing nor¬ 
mal daily activities. RSP and ETS particles were collected onto a 
Fluoropore membrane filter, and vapour phase nicotine and 3-elhe- 
nylpyridine(3-EP) were adsorbed onto XAD-4 resin beads. The sam¬ 
pling flow rates of each personal monitor were set prior to issue and 
re-checked upon return. Data were excluded if these re-checked flow 
rates varied by more than 10%. 

The personal monitoring procedure was similar to that described 
previously by these authors [1] and consisted of the following: 

First Visit to the Study Centre. Subjects were issued wi th a single 
personal monitor for use during the collection period, together with a 
diary and a questionnaire for recording observations related to air 
quality throughout the monitoring period. Full instruct ions regarding 
use of the monitoring equipment and completion of the study diary 
and questionnaire were provided by means of a video presentation. 
Locally recruited staff provided additional clarification where neces¬ 
sary. All subjects completed a ‘first visit' questionnaire and provided 
a saliva sample prior to the monitoring period (pre-sample). 

Subjects were instructed to wear and operate the personal moni¬ 
tor according to the following procotols: Home pump group. Subjects 
recruited into cells A and B wore their monitors at all times whilst in 
their homes during a 24-hour period. They were requested to place 
the monitor nearby in a vertical position when sleeping or bathing. 
When leaving the home, subjects turned the monitor pump off and 
left the monitor at home. Work pump group. Subjects recruited into 
cells C and D wore their monitors at all times when at work during a 
24-hour period. When not at work, the subjects turned the monitor 
pump ofT. Elsewhere pump group. Subjects recruited into cells E and 
F wore their monitors at all times during a 72-hour period, except 
when they were at work or at home, where they spent most of their 
time. The extended study time was selected in order to sample larger 
air volumes and therefore increase the amounts of analytes collected 
prior to analysis. 24-Hour pump group. Subjects recruited into cells G 
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and H wore their monitors at all times during a 24-hour period. 
Again, subjects continued to operate the monitors whilst sleeping or 
bathing but were requested to place the monitor nearby in a vertical 
position. 

Last Visit to the Study Centre. Following completion of the moni¬ 
toring period, subjects were required to return their personal moni¬ 
tors and associated documentation to the study centre. Subjects then 
provided a second saliva sample (post-sample) and completed a ‘last 
visit’ questionnaire. 

Subject Selection 

Of the 331 subjects that were initially recruited for the study, 3 
were excluded because they failed to use the equipment correctly. A 
further 1 was excluded due to the absence of saliva cotinine data 
required to confirm non-smoking status. Two subjects were excluded 
after they admitted to being smokers during their final visit lo the 
study centre and a further 6 were excluded because their saliva cotin¬ 
ine levels were above the 25 ng-ml - ' threshold used by the authors to 
differentiate non-smokers From smokers [J2j. 

The age and sex distributions of the remaining 319 subjects are 
presented in table 2. Five subjects with ages outside the specified 
ranges were included in the study. This was in order to obtain much 
needed data and it was considered that their inclusion would not 
affect the integrity of the study. Table 3 lists occupational categories 
for working subjects who participated in this study. 

Analytical Procedures 

in this study the following analytes were determined: (I) RSP - 
using a gravimetric procedure [13]; (2) nicotine and 3-EP - us¬ 
ing a capillary gas chromatographic procedure [14]; (3) ETS par¬ 
ticles (3 methods) - using high-performance liquid chromatogra¬ 
phy (HPLC) procedures to determine the ultraviolet absorbance 
(UVPM), fluorescence(FPM) or solanesol content (for calculation of 
SolPM) of methanolic filter extracts [13], The factors used in this 
study to convert instrument responses into an equivalent concentra¬ 
tion of ETS particles were 43 (SolPM), 45 (FPM) and 3.2 (UVPM) 
(15j, and (4) saliva cotinine - using a radioimmunoassay procedure 
[ 16 ], 

The analytical procedures were identical to those fully described 
by the authors in a previous study [1). The limits of quantification 
(COQs) for the analytes are presented in table 4, together with esti¬ 
mates for the air concentrations corresponding to these LOQs. In 
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Table 2. Age and sex distribution for 
study subjects (Sydney) 


Cell 

Sex 


Age range 




Overall 


males 

females 

<20 

20-34 

35-49 

50-64 

>64 

total 

A 

7 

23 


12 

6 

11 

1 

30 

B 

15 

33 


11 

21 

16 


48 

C 

13 

7 

i 

8 

8 

3 


20 

D 

38 

22 


27 

22 

11 


60 

E 

13 

14 


9 

13 

5 


27 

F 

19 

35 


18 

22 

14 


54 

G 

16 

12 

1 

12 

6 

9 


28 

H 

23 

29 


18 

2i 

II 

2 

52 

Overall 

total 

144 

175 

2 

115 

119 

80 

3 

319 


Table 3. Occupations of recruited 
subjects (Sydney) 


Occupational category 

[dumber of subjects by study group 



home 

work 

elsewhere 

24-hour 

overall 

Administrative/secretarial 

7 

16 

12 

9 

44 

Building/construction 

0 

2 

2 

2 

6 

Education 

2 

6 

9 

8 

25 

Engineering 

0 

10 

5 

3 

18 

Government agency (civil service) 

0 

5 

6 

4 

15 

Legal/ financial (e.g. solicitor, banker) 

2 

13 

3 

4 

22 

Hotel/restau rant/leisure industry 

0 

3 

3 

3 

9 

Medical (e.g. doctor, nurse) 

2 

2 

3 

2 

9 

Wholesaie/retai! (e.g. shop assistant) 

3 

I 

2 

3 

9 

Science,'computing 

3 

It) 

12 

5 

30 

Supply industry 

0 

l 

0 

1 

2 

T ransportation/haulage 

0 

0 

0 

0 

0 

Other 

22 

11 

13 

24 

70 

No response 1 

37 

0 

11 

12 

60 

Total number of responses 

41 

80 

70 

68 

259 

' Subjects did not tick any of the 13 possible categories. 


order to calculate summary statistics, any data below the analytical 
LOQ were assigned a value of one half the LOQ prior to the calcula¬ 
tion of air concentrations. Details of the proportion of data below the 
LOQ for each analyte are also included in table 4, The analyte LOQs 
varied according to the sampling time and pump flow rate and were, 
therefore, different for each sample. LOQs presented in table 4 are 
based on mean sampling times and nominal flowrates for the appro¬ 
priate cells. 


Non-Smokers’ Environmental Tobacco 
Smoke Exposure in Sydney 


Results 

A summary of the analytical results is shown in 
tables 5-7. In this publication, as with other recent publi¬ 
cations by these authors, median values have been used 
primarily for reporting exposures since the data generated 
for each analyte were not normally distributed. Arithme¬ 
tic and geometric means for each data set have also been 
reported, together with 10th and 90th percentile (lower 
and upper decile) values as an indication of the range. 
Data that were close to (less than double), or below the 
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Table 4. LOQ and sampling times (Sydney) 


Measurement Analytical LOQ LOQ expressed as an air concentration Proportion (%) 

according to the mean sampling time of data below 

for each study group, jig-m" 3 the LOQ 




home 

work 

elsewhere 

24-hour 


RSP 

22.2 jig/fiher 

10 

28 

22 

9.0 

23 

UVPM 

1.23 jig/filter 

0.57 

1.6 

1.2 

0.50 

10 

FPM 

0.29 jigffilter 

0.13 

0.36 

0.29 

0.12 

9 

SolPM 

0.65 pg/niter 

0.30 

0.82 

0.65 

0.26 

71 

Nicotine 

0.10 jighubc 

0.10 

0.27 

0.22 

0.09 

66 

3-EP 

0.10 ug/tube 

0.10 

0.27 

0.22 

0.09 

73 

Saliva cotinine 

1.0 ng-ml -1 

- 

- 

- 

- 

79 

Mean sampling time, h 


20.8 

7.7 

9.6 

24.0 

- 

Standard deviation of sampling times, h 

2.9 

1.3 

5,1 

0.9 

- 


A flow rate of 1.72 1-min' 1 through the Fluoropore filter was assumed in the LOQ calculation for RSP, UVPM, 
FPM and Sot PM. The LOQ calculation for nicotine and 3-EP assumed a flow rate of 0.8 l-min' 1 through theXAD-4 
tube. 


Table 5. Summary statistics for RSP and SolPM concentrations for all subjects (Sydney) 


Analyte 

Cell 

Number of 
subjects 

10th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

RSP 

A(SH) 

30 

15 

70 

37 


30 

jig-m- J 

B (NSH) 

43 

17 

41 

31 

26 

24 


C(SW) 

20 

13 

[51] 

34 

29 

[34] 


D (NSW) 

57 

12 

[41] 

32 

21 

(16) 


E (SH) 1 

25 

26 

120 

72 

54 

[48] 


F (NSH) 1 

50 

13 

73 

46 

34 

[34] 


G (SH) 3 

27 

7.3 

44 

26 

19 

21 


H (NSH) 3 

50 

4.5 

50 

25 

19 

21 

SolPM 

A{SH) 

30 

0.15 

25 

^9 

13 

0.92 

jig-m- 3 

B (NSH) 

44 

0.13 

[0.30] 

0.23 

0.18 

(0.15) 


C(SW) 

20 

0.37 

24 

9.5 

2.2 

1.5 


D (NSW) 

57 

0.35 

(0.52) 

0.46 

0.44 

(0.41) 


E (SH)' 

26 

0.33 

36 

10 

1.9 

(0.96) 


F (NSH) 1 

52 

0.21 

4.3 

2.2 

0.59 

(0.43) 


G (SH) 2 

28 

0.13 

19 

6.7 

2.4 

3.7 


H (NSH) 3 

51 

0.13 

[0.43J 

0.54 

0.18 

(0.13) 


SH: Smoking household; NSH: non-smoking household; SW; smoking workplace; NSW; non-smoking work¬ 
place. 

Values in parentheses: Median/90th percentile statistics correspond to data below the LOQ. 

Values in brackets: Median/90th percentile statistics correspond to data less than double the LOQ. 

1 Elsewhere pump group, no monitoring at home or at work. 

1 24-Hour pump group, all locations monitored. 
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Table 6. Summary statistics for UVPM and FPM concentrations for all subjects (Sydney) 


Anatyte 

Cell 

Number of 
subjects 

10 th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

UVPM 

A (SH) 

30 

1.4 

18 

a 

5.3 

5.0 

pg-m- 5 

B (NSH) 

44 

1.1 

7.6 

5.0 

3.6 

4.2 


C(SW) 

19 

1.8 

36 

14 

6.5 

5.9 


D (NSW) 

57 

0.72 

5.3 

2.6 

1.9 

[2-0] 


E (SH) 1 

26 

1.9 

53 

16 

7.7 

6.4 


F (NSH) 1 

51 

1.6 

10 

6.7 

4.5 

4.2 


G (SHF 

23 

1.2 

23 

8.3 

5.6 

7.9 


H (NSH)- 

51 

1.1 

8.6 

4.1 

2.9 

2.9 

FPM 

A (SH) 

30 

0.99 

14 

8.5 

4.2 

4.4 

ng-m- 3 

B (NSH) 

44 

0.71 

7.9 

4.3 

3.0 

4.1 


C(SW) 

20 

0.21 

17 

5.7 

2.1 

2.1 


D (NSW) 

57 

0.17 

1.3 

0.66 

0.46 

[0.48] 


E (SH) 1 

26 

0.77 

40 

12 

4.5 

3.7 


F (NSH) 1 

52 

0.96 

9.9 

5.0 

3.1 

3.2 


G (SH) 1 

28 

0.57 

14 

6.4 

3.6 

5.4 


H (NSH) 1 

51 

0.53 

8.1 

3.3 

1.8 

1.6 


SH: Smoking household; NSH: non-smoking household; SW: smoking workplace; NSW; non-smoking work¬ 
place. 

Values in parentheses: Mcdian/90th percentile statistics correspond to data below the LOQ. 

Values in brackets: Median/90th percentile statistics correspond to data less than double the LOQ. 

1 Elsewhere pump group, no monitoring at home or at work. 

- 24-Hour pump group, all locations monitored. 


LOQ are also highlighted in these tables. For ETS parti¬ 
cles (SolPM), nicotine, 3-EP and coimine, the majority of 
the data were below or less than double the LOQ. Similar¬ 
ly for RSP (table 5) the median concentrations for Work 
and Elsewhere groups were close to or below the LOQ. 
This is primarily as a result of shorter sampling times for 
these groups (table 4). In the Home for instance the longer 
sampling time resulted in median values approximately 
three times the LOQ. 

Throughout this publication, ETS particle concentra¬ 
tions, corresponding exposure calculations, and compari¬ 
sons between cells and subject groups have been based 
primarily upon SolPM measurements. This estimate of 
ETS particles is generally considered to be the most accu¬ 
rate. However, as indicated previously [2, 3], calculations 
based on FPM estimates are reported alongside those of 
SolPM for comparison. 

The significance of any concentration differences be¬ 
tween cells was examined using the Wilcoxon rank-sum 
test. Prior to the application of this non-parametric 
test, Kruskal-Wallis non-parametric analysis of variance 


(ANOVA) was applied to the data in order to detect if 
there was an overall difference between the cells. If the 
overall Kruskal-Wallis analysis proved non-significant 
(p > 0.05), any significances detected using the Wilcoxon 
rank-sum test were considered to be false positives. For all 
the analytes investigated, the Kruskal-Wallis ANOVA 
provided evidence of a significant overall difference be¬ 
tween cells and subsequent pairwise comparisons of cells 
were performed using the Wilcoxon rank-sum test. The 
comparisons for RSP, SolPM and nicotine are shown in 
table 8. Statistical assessments for differences between 
cells may give rise to false results due to the different LOQ 
for some cells and the high proportion of data below the 
LOQ [5]. The most reliable comparisons are ‘boxed’ in 
table 8 and it is considered appropriate to treat the 
remaining comparisons with caution. 

The correlation and best fit line coefficients between 
various analytes used to assess ETS levels in this study are 
listed in table 9, following removal of data pairs where 
either analyte is below the LOQ. The cumulative frequen¬ 
cy distributions for all the ETS marker concentrations in 
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table?. Summary statistics for cotinine, nicotine and 3-EP concentrations for all subjects (Sydney) 


Analyte 

Cell 

Number of 
subjects 

10th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

Nicotine 

A(SH) 

30 

0.05 

1.6 

0,67 

0.30 

0.30 

UE-m't 

B (NSH) 

46 

0.04 

[0.101 

0.06 

0.05 

(0.05) 


C (SW) 

20 

0.10 

2.9 

1.1 

0.42 

(0.22) 


D (NSW) 

57 

0.11 

(0.19) 

0.15 

0.15 

(0.15) 


£ (SH) ! 

25 

0.10 

6.1 

1.8 

0.47 

[0.32] 


F(NfSH)- 

53 

0.07 

0.94 

0.41 

0.22 

(0.16) 


G (SH) 2 

27 

0.05 

1.4 

0.66 

0.33 

0.39 


H (NSH) 2 

51 

0.04 

£0-36] 

0.14 

0.07 

(0.05) 

3-EP 

A (SH) 

30 ‘ 

0.05 

0.92 

" 0.39 

0.21 

[0-21] 

U2-m- 3 

B (NSH) 

46 

0.04 

ton] 

0.07 

0.06 

(0.05) 


C (SW) 

20 

o.to 

0.36 

0.41 

0.27 

(0.19) 


D (NSW) 

57 

0.10 

(0.19) 

0.15 

0.14 

(0-14) 


E (SH) 1 

25 

0.12 

1.5 

0.51 

0.31 

(0.27) 


F (NSH) 1 

53 

0-08 

10.50] 

0.24 

0.18 

(0.16) 


G (SH) 2 

27 

0.04 

0.88 

0.35 

0.18 

0.19 


H (NSH) 2 

51 

0.04 

[0.07] 

o.oa 

0.05 

(0.05) 

Colrninc 3 

A (SH) 

30 

0.50 

3.1 

1.3 

0.92 

(0.50) 

ng-mH 

3 (NSH) 

48 

0,50 

(0.S2) 

0.59 

0.55 

(0.50) 


C(SW) 

20 

0.50 

2.7 

4.7 

0.90 

(0.50) 


D (NSW) 

CO 

0.50 

[13] 

0.79 

0.64 

(0.50) 


E (SH) 1 

27 

0.50 

2.9 

1.3 

0.98 

(0.93) 


F (NSH) 1 

54 

0.50 

(0.90) 

0.63 

0.57 

(0.50) 


G (SH) 3 

27 

0.50 

2.3 

1.3 

0.99 

(0.88) 


H (NSH) 1 

52 

0.50 

(0.88) 

0.91 

0.61 

(0.50) 


SH: Smoking household; NSH: non-smoking household; SW; smoking workplace; NSW: non-smoking work¬ 
place. 

Values in parentheses; Median/90th percentile statistics correspond to data below the LOQ. 

Values in brackets: Mcdian/90th percentile statistics correspond 10 data Less than double the LOQ. 

* Elsewhere pump group, no monitoring at home or at work. 

2 24-Hour pump group, all locations monitored. 

3 Values calculated from the mean of pre- and post-monitoring saliva cotinine concentrations. 


Sydney are shown in figure 1. The distribution of ETS 
particle concentrations by cel! is shown in Figure 2 for the 
Home and Work groups, and similarly in figure 3 for the 
Elsewhere and 24-Hour groups. Table 10 compares the 
median ETS particle contribution to RSP for smoking 
and non-smoking categories. 

Exposures to RSP, ETS Particles and Nicotine 

The term ‘exposure’ is often used when defining maxi¬ 
mum allowable concentrations for hazardous compounds 
and is normally determined by fixed site monitoring over 
standard time periods. In the context of this personal 
monitoring study, where concentrations cannot be direct¬ 


ly related to a specific environment, the term exposure is 
used as a measure of‘potential inhaled quantity' and was 
calculated as the product of the analyte concentration, the 
length of time subjected to such concentration and typical 
breathing rates. Where exposures have been quoted in 
terms of cigarette equivalents (CEs), these have been cal¬ 
culated in relation to the mainstream particle (tar) and 
nicotine yields of typical Australian cigarettes. The val¬ 
ues, 11 mg particles and 1.0 mg nicotine, were calculated 
as the mean yields of the top six selling cigarette brand- 
types in Australia. 

In this publication, the concept of CEs [17] is used to 
assist in the assessment of ETS exposures. The factor used 
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Table 8. Significance of differences in RSP, SolPM and nicotine concentrations between cells based upon Kxus- 
kal-Wallis ANOVA and subsequent Wilcoxon rank-sura test (Sydney) 


Cell 

Home 


Work 


Elsewhere 

24-Hour 

A (SH) 

B (NSH) 

C(SW) 

D (NSW) 

E (SH) 

F(NSH) 

g<sh; 

l H (NSH) 

RSP 









A (SH) 

- 

i NS 1 

NS 


** 

NS 

NS 

* 

B(NSH) 


- 

NS 

** 

*** 

* 

NS 

* 

Work 









C(SW) 




* i 


NS 

NS 

* 

D (NSW) 





*** 

*** 

NS 

NS 

Elsewhere 









E (SH) 





- 

1 * 1 

*** 

*** 

F(NSH) 






- 

** 

*** 

24-Hour 









G (SH) 







-v 

1 NS | 

H(NSH) 









SolPM 









Home 









A (SH) 

- 

1- 1 

NS 

NS 

NS 

NS 

NS 

*** 

B(NSH) 



*** 

*** 

*** 

*** 

*** 

*** 

Work 









C(SW) 



1 

[ *** | 

NS 


NS 

*** 

D (NSW) 




- 

*** 

NS 

%** 

*** 

Elsewhere 









E(SH) 





- 

i *• i 

NS 

*** 

F(NSH) 







** 

*** 

24-Hour 









G (SH) 








| *** ! 


H (NSH) 








- 

Nicotine 









Home 









A (SH) 

- 

j j 

NS 

* + 

NS 

NS 

NS 

*** 

B (NSH) 




*** 


*** 

*** 

NS 

Work 









C(SW) 



- 

1 ** 1 

NS 

NS 

NS 

t** 

D (NSW) 





*** 

NS 

** 

*** 

Elswhere 









E(SH) 





- 

l± _1 

NS 

*** 

F (NSH) 






- 

NS 

*** 

24-Hour 









G(SH) 







- 

l *** ] 

H (NSH) 








“ 

SH: Smoking household; NSH: 

non-smoking household; SW: smoking workplace; NSW: non- 

smoking work- 

place. 









NS: Not significant (p > 0.05); * 

p s 0.05; ** p i 0.01; *** p < 0.001. 
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Table 9. Correlation coefficients for 
ETS ‘markers' using data greater than the 
LOQ (Sydney) 


‘Y* data vs 

‘X’ data 

Data 

pairs 

R-squared 

Gradient 

Intercept 

FPM 

UVPM 

264 

0.905 

0.703 

0.15 

SoiPM 

UVPM 

87 

0.907 

0.862 

-1.85 

Sol PM 

FPM 

88 

0.864 

1.168 

-1.15 

3-EP 

Nicotine 

71 

0.680 

0.i68 

0.34 

FPM 

Nicotine 

101 

0.268 

3.497 

5.79 

SoiPM 

Nicotine 

73 

0.208 

3.675 

7.92 

UVPM 

Nicotine 

too 

0.267 

4.747 

8.34 

SoiPM 

3-EP 

62 

0,419 

26,38 

-2.15 

FPM 

3-EP 

82 

0.414 

20.64 

-0.09 

Post-cotinine 

Nicotine 1 

14 

0.001 

0,055 

2.54 

Post-cotinine 

SoiPM 1 

13 

0.009 

0.011 

1.81 

Post-cotinine 

FPM’ 

19 

0.000 

0.004 

2.22 

Post-cotinine 

3-EP 1 

12 

0.328 

1.714 

0.99 


1 Concentrations used onty from the 24-Hour pump group (cells G and H). 


TabEa 10. Median contribution of ETS 
particles to RSP (Sydney) 


Group 

ETS in RSP, % 

smoking 

categoi^ 

non-smoking 

category 

Home 

4.9 

0.67 

Work 

8.1 

2.9 

Elsewhere 

2.9 

1.2 

24-Hour 

23 

0.75 


Smoking/non-smoking categories repre¬ 
sent living with or working with a smoker or 
a non-smoker, respectively. 

The proportion of ETS particles (SoiPM) 
in RSP was calculated for each individual 
subject from their personal monitoring data 
and the median values determined by cell. 


by Ogden [18] to relate exposures of non-smokers to that 
of smokers was not applied in this study as CEs were used 
solely to compare exposures between groups of non-smok¬ 
ers. The CE calculation is based on an amount of ETS 
particles in direct comparison with mainstream smoke 
particles. No other equivalence is implied and the authors 
recognise that ETS and mainstream smoke differ consid¬ 
erably in chemical and physical composition. 


Estimated annual exposures to RSP, ETS particles and 
nicotine, in terms of potential inhaled quantities and CEs, 
are summarised in table 11. A breathing rate of 0.85 
m i -h" 1 was used in all calculations, this being an average 
of the breathing rates for ‘awake’ males (1.05 m 3 -h~ i )and 
females (0.65 m 3 -h _1 ) [19]. Annual exposure calculations 
for all cells assumed that subjects were exposed to the 
median/90th percentile concentrations as reported in ta¬ 
bles 5-7, at all times throughout the year. Subjects in cells 
A and B (Home group) were assumed to be exposed for 
20.8 h per day (mean sampling time found in this study) 
and for 365 days per year. Subjects in cells C and D were 
assumed to spend 35 h per week and 48 weeks per year at 
work. This assumption was the same as that used pre¬ 
viously by these authors [1], In order to estimate annual 
exposures away from the home or workplace (Elsewhere 
group) subjects in cells E and F were assumed to be 
exposed for 3.2 h per day and for 365 days per year. 
Annual exposures for cells G and H (24-Hour group) were 
estimated by assuming the measured 24-hour concentra¬ 
tions were maintained for 365 days per year. In the cases 
where the median or 90th percentile concent rations corre¬ 
sponded to values below the LOQ, exposure calculations 
in table 11 have been reported as ‘less than’ the calculated 
value at the LOQ, in preference to using the value corre¬ 
sponding to one half the LOQ (as in tables 5-7). 
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Cumulative frequency distributions for 
environ mental tobacco smoke ‘marker’ concert (ratio ns (Sydney) 



Percentage of Data 

-—"-Mean Cotinine (ng/mL) .UVPM 

—a— PPM —SolPM 

—m— R5P —Nicotine 

—»— 3-Ethsnylpyria'ine 

Fig. 1. Cumulative frequency distribu¬ 
tions for environmental tobacco smoke 
'marker' concentrations (Sydney). 


Subjective Assessments ofETS Exposure 
All subjects were asked in the ‘iast visit’ questionnaire: 
‘In which environment do you think that you are exposed 
to the most tobacco smoke in the air?’, the responses for 
which are presented in table 12. In this same question- 
naire, subjects were asked: ‘During the study period, how 
do you rate your exposure to tobacco products (cigarettes, 
pipes, cigars)?’ on a scale of none to very high. The loca¬ 
tions listed in which they were asked to rate their exposure 
were: at home; at work; while travelling/driving; while in 


Non-Smokers* Environmental Tobacco 
Smoke Exposure in Sydney 


restaurants/bars; while in other buildings; while outside. 
Table 13 lists the responses provided by subjects for these 
locations together with the weighted exposure rating for 
each location. The weighted exposure rating was obtained 
by summing the products of the ‘subjective scores’ (0-5) 
and the number of responses for each rating, divided by 
the total number of responses. Table 14 iists, by cell, the 
location with the highest weighted exposure rating togeth¬ 
er with the subjects’ actual ratings. 
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Duiribntioos of eovirooracBtal tobacco smoke particles by Cell, 
“Home 1 * and “Work” groups (Sydney) 


Fig. 2. Distributions of environmental 
tobacco smoke particles by cell, Home and 
Work groups (Sydney). 
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- Cell B (froim nonsmoking home) - 
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C ell D (from nonsmoking workplace) 


<0.5 0.5-1 1-2 2-5 5-10 10-20 ZQ-KJ 5O-1O0 »100 

ETS particles by SotPM (pg m s ) 


See text for a full description of the Cells 


Discussion 

The three methods for estimating ETS particles (i.e. 
UVPM, FPM and SolPM) showed good correlations (R 2 > 
0.86, table 9) where the analytical measurements were 
above the LOQ. Figure 1 and tables 5 and 6 show the gen¬ 
eral trend of UVPM > FPM > SolPM, a ranking consis¬ 
tently found in most of our previous studies, due to non- 
tobacco-related interferences elevating the UVPM and 
FPM estimates. As in our previous studies nicotine and 


3-EP showed only moderate correlation with ETS particle 
measurements. 

The distribution of ETS particle concentrations in 
smoking homes or workplaces (fig. 2) was far wider than 
that found in the equivalent non-smoking environments. 
In non-smoking homes and workplaces in this study more 
than 80% of subjects were exposed to <0,3 pg-trr ; ETS 
particles, close to or below the LOQ. Figure 3 shows that 
subjects in the Elsewhere group who lived with smokers 
were more exposed to ETS particles outside their homes 
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Distributions of enviro a mental tobacco smoke particles by Cell, 
“Elsewhere” and “24-hour” groups (Sydney) 


Fig- 3. Distributions of environmental 
tobacco smoke particles by cell, Elsewhere 
and 24-Hour groups (Sydney). 
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20-50 50-100 


ETS particles by SoIPM (pg m' 3 ) 


See text for a full description of the Cells 


compared to those who lived with non-smokers. This sug¬ 
gests that these subjects accompanied their smoking fami¬ 
ly members when away from the home or that they spent 
more time in the presence of smokers during their leisure 
time. 

Nicotine concentrations assessed hy personal monitor¬ 
ing did not correlate with saliva cotinine levels for the 
subjects in the 24-Hour group (R 2 = 0.001, table 9). This 
comparison was not appropriate for the other groups 
because they could have been exposed to nicotine at times 


Non-Smokers’ Environmental Tobacco 
Smoke Exposure in Sydney 


when they were not wearing the personal monitor. This 
was consistent with previous studies and emphasises the 
need for caution when using cotinine measurements for 
estimating individual ETS exposure. It has also been 
observed that some humans are poor metabotisers of 
nicotine [20j or that there is a deficiency in the C-oxida- 
tion of nicotine [21]. 

Median annual exposures (table 11) estimated for all 
cells investigated did not exceed 4 cigarette equivalents 
per year (CE-y* 1 ). In the 24-Hour group, estimated an- 
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Table 11 . Estimated annual exposures for all subjects to RSP, ETS particles and nicotine, according to location 
and cell [Sydney) 


Location 

Cell 

Potential inhaled quantity, mg/year 

Cigarette equivalents/year 



RSP 

SolPM 1 

FPM 1 

nicot ine 

SolPM 

FPM 

nicotine 

Median exposure levels 








Home 

A (SH) 

193 

6.0 

28 

1.9 

0.54 

2.6 

1.9 


B (NSH) 

153 

<2.0 

26 

<0.60 

<0.18 

2.4 

<0.60 

Work 

C(SW) 

49 

2.2 

3.0 

<0.34 

0.20 

0.27 

<0.34 


D (NSW) 

<44 

<1.2 

0.68 

<0.42 

<0.11 

0.06 

<0.42 

Elsewhere 

E(SH) 

48 

<1-9 

3.7 

0.32 

<0.17 

0.33 

0.32 


F (NSH) 

34 

<0.85 

3.2 

<0.32 

<0.08 

0.29 

<0.32 

24-Hour 

G (SH) 

156 

27 

40 

2.9 

2.5 

3.7 

2.9 


H (NSH) 

159 

<1.9 

12 

<0.72 

<0.18 

1.1 

<0.72 

90th percentile exposure levels 








Home 

A(SH) 

453 

161 

91 

10 

IS 

8.3 

10 


B (NSH) 

263 

1.9 

51 

0.66 

(US 

4.6 

0.66 

Work 

c(sw) 

73 

35 

24 

4.1 

3.2 

2.2 

4.1 


D (NSW) 

58 

<1.5 

1.9 

<0.55 

<0.14 

0.17 

<0.55 

Elsewhere 

E (SH) 

119 

35 

40 

6.0 

3.2 

3.6 

6.0 


F (NSH) 

72 

4.2 

9.8 

0.93 

0.39 

0.89 

0.93 

21-Hour 

G (SH) 

329 

144 

104 

11 

13 

9.4 

11 


H (NSH) 

376 

3.2 

61 

1.2 

0.29 

5.5 

1.2 


A breathing rale of 0.85 was assumed for all subjects at all times. Annual exposures in the various locations 

■were calculated using the mcdian/9Cth percentile analyte concentrations as determined in the respective Home, 
Work, Elsewhere and 24-Hour cells. An exposure time of 20.8 h per day/365 days per year was assumed in the 
calculation of potential inhaled quantity at home. Potential inhaled quantities at work assumed a 35-hour working 
week for 43 weeks per year. Elsewhere and 24-hour calculations assumed 365 days per year exposure with daily 
exposures of 3.2 and 24 h, respectively. Cigarette equivalents were calculated assuming typical. Australian main¬ 
stream yields of 11 mg particles (tar) and l mg of nicotine per cigarette, 

SH: Smoking household; MSI 1: non-smoking household; SW; smoking workplace; NSW; non-smoking work¬ 
place. 

1 ETS particles. 


Table 12 . The environment where sub¬ 
jects think they are exposed to the most 
tobacco smoke (Sydney) 


Environment 

Responses, % 

Restaurants/bats 

56 

Home 

13 

Work 

5.6 

Other indoor locations 

5.6 

Outdoors 

12 

Travelling/driving 

3,4 

Nowhere/not exposed. 

3.1 

Responses calculated as a percentage of 
total recruits, 5 subjects failed to answer this 

question correctly. 



mml exposure based upon median SolPM levels corre¬ 
sponded to 2.5 CE-y- 1 for subjects living in a smoking 
home and to less than 0.2 CE'y _! for their counterparts 
from non-smoking homes. For the most exposed subjects 
in the 24-Hour group 90th percentile exposures corre¬ 
sponded to 13 and 0.29 CE-y -1 respectively. Annual 
exposure in smoking workplaces was estimated to be less 
than in smoking homes. The most exposed subjects in 
smoking workplaces (table 11) would be exposed to be¬ 
tween 2.2 and 4.1 CE-y 1 based upon 90th percentile 
SolPM and nicotine levels respectively, compared to be¬ 
tween 8.3 and 1 5 CE-y _1 at home. 

Median concentrations of RSP (table 5) varied be¬ 
tween 16 and 48 fig-nr 3 across the 8 cells and were simi¬ 
lar to those found by these authors across Europe where 
overall median RSP levels varied between 26 and 59 
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Table 13. Subjective exposure rating to ETS during the study period by location (Sydney) 


Location 

Percent of total subjects rating their exposure as 


Weighted 

exposure 

rating 

none 

very low 

low 

medium 

high 

very high 

A! home 

69 

13 

9 

5 

3 

1 

0,62 

At work 

69 

12 

5 

3 

2 

2 

0.5! 

While travelling/driving 

64 

(8 

9 

4 

I 

0 

0.56 

While in restaurants,'bats 

50 

12 

9 

12 

8 

5 

1.29 

While in other types of buildings 

50 

25 

15 

4 

l 

i 

0.77 

While outside 

38 

31 

16 

9 

3 

i 

1.09 

Subjective score 

0 

1 

2 

3 

4 

5 



The weighted exposure rating for each location was obtained by summing the products of the subjective score arid 
the number of responses for each rating, and then dividing by the total number of responses. 


Table 14. Subjective exposure to ETS by cel! of the locations rated highest during the study period (Sydney) 


Cell 

Location with highest 
rated exposure 

Percent of total recruited subjects rating their exposure as 

none 

very low 

low 

medium 

high 

very high 

A (SH) 

Home 

20 

30 

23 

17 

7 

3 

B (NSH) 

Outside 

44 

25 

15 

2 

6 

0 

C(5W) 

Work 

20 

10 

30 

to 

20 

10 

D (NSW) 

Restaurants,-bars 

52 

10 

5 

15 

15 

5 

E (SH) 

Home 

7 

26 

33 

22 

7 

4 

F (NSH) 

Restaurants/bars 

41 

19 

9 

9 

7 

11 

g(sh; 

Home 

IS 

32 

29 

14 

1 

0 

H(NSH) 

Outside 

33 

33 

19 

12 

2 

2 


SH: Smoking household; NSH: non-smoking household; S\V: smoking workplace; NSW; non-smoking work¬ 
place. 

The weighted exposure rating was calculated for each cell and all possible locations from responses provided in the 
last visit questionnaire. The data above, by celt, show the individual ratings of exposure during the study period whilst 
in the location with the highest weighted exposure rating. 


jig-m -3 . From table 5, RSP appears to be elevated in 
smoking locations compared to non-smoking locations, 
which is in agreement with Guerin et al. [22]. The highest 
RSF concentrations found during this study were for the 
Elsewhere group and may be indicative of subjects vis¬ 
iting bars or outdoor locations where RSP levels were 
higher than those found in the home. Annualised expo¬ 
sures to RSP (table 11) were estimated to be highest in the 
home due to the amount of time spent in that environ¬ 
ment. 


Non-Smokers’ Environmental Tobacco 
Smoke Exposure in Sydney- 


Median ETS particle contributions (table 10) to RSP 
were below 10% for the Home, Work and Elsewhere 
groups. However, in the smoking category of the 24-Hour 
group the median ETS particle contribution to RSP was 
23%. The contribution of ETS particles to RSP levels 
were even lower for subjects in the 24-Hour group, who 
lived with non-smokers, than for those who were living 
with smokers, Of note is that, in the Elsewhere category, 
the ETS particle contribution to RSP was more than twice 
as high for subjects from a smoking household compared 
to a non-smoking household. This interesting finding was 
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not apparent from our previous studies where separate 
measurements of Home and Elsewhere exposures were 
not made. The levels of RSP, ETS particles and nicotine 
in Sydney were at the lower end of published data and 
below the levels found in the majority of the other cities 
studied by these authors. 

Median saliva cotinine levels (table 7) were below the 
LOQ of 1.0 ng-ml -1 for all 8 cells. Although the sensitivity 
of the method was perfectly adequate for distinguishing 
smokers from non-smokers, there is dearly a need for a 
more sensitive method in order to study levels of cotinine 
in non-smokers. Bemert et al. [23] have recently reported 
a method for the determination of cotinine in human 
serum with a claimed limit of detection of 0.05 ng-ml -1 . 
This method uses mass spectrometry for the specific and 
sensitive detection of cotinine, an essential requirement 
at these low levels. Based upon their reported data this 
method would appear to have an LOQ of approximately 
0.2 ng-ml -1 , which represents a significant improvement 
on published methods to date. 

Examination of the saliva cotinine data reported in 
table 7 shows that median levels for subjects living with 
smokers (often classified as exposed to ETS in epidemiol¬ 
ogy studies) were below the LOQ. However, 90th percen¬ 
tile cotinine concentrations showed that subjects living or 
working with smokers had elevated levels, indicating that 
cotinine may be a suitable marker for estimating ETS 
exposure at higher concentrations. These observations 
might have been apparent at median concentrations if a 
method with a lower LOQ had been available at the time 
of the study. To date in Europe, median saliva cotinine 
levels determined in studies conducted by these authors 
for non-smokers living with smokers were typically L5 
ng-mL 1 , the highest median level being 2.9 ng-ml -1 [ 1]. 

In this and our previous studies a threshold level of 25 
ng-ml -1 for cotinine in saliva was used to distinguish 
between smokers and true non-smokers. Other threshold 
levels, above which subjects would be classified as smok¬ 
ers, have been suggested and include 10 ng-ml -1 [24], 15 
ng-ml -1 [25], 20 ng-ml -1 [26], 30 ng-ml -1 [27], and 100 
ng-ml -1 [8], Of the 331 subjects recruited for the study as 
non-smokers, 2 subsequently admitted to being smokers 
and 6 had saliva cotinine levels above the threshold for 
non-smokers. This represented between 1.8 and 2.4% of 
subjects misreporting their non-smoking status. Wagen- 
knecht et al. [28] reported a misdassification rate of4.2% 
based on a cut-off level of 14 ng-ml -1 cotinine in serum, 
whilst defining non-smokers as subjects who reported 
smoking less than 5 cigarettes per week for the previous 
3 months. It is possible that some occasional smokers may 


not be detected with a threshold of 25 ng-ml -1 , and some 
smokers may not be detected at alt using saliva cotinine 
measurements (20, 21]. Any factors, including misreport¬ 
ing by questionnaire, will have a direct influence upon the 
calculation of misdassification rates, which may have a 
significant impact on the investigation of ETS epidemiol¬ 
ogy. 

The majority of subjects (56%) considered restaurants/ 
bars, in general, to be the location where they were 
exposed to the most tobacco smoke (table 12). The home 
came second with 13% followed, surprisingly, by ‘out¬ 
doors’, with 12% of subjects selecting this location. When 
subjects were asked to rate their exposure to ETS in res¬ 
taurants/bars during the study period 62% rated their 
exposure as ‘none’ or ‘very low’. However, 13% rated 
their exposure in these locations as ‘high’ or ‘very high’. 
Excluding restaurants/bars, more than 69% of subjects 
claimed their exposure to ETS was ‘none’ or ‘very low’ in 
all other locations. These subjective findings are in line 
with the analytical results where 71% of SolPM values 
were below the LOQ. 

The majority of the data for ETS particle determina¬ 
tions presented here are below or less than double the 
LOQ. Improvements in analytical methods may resolve 
some of these issues, but in order to obtain more represen¬ 
tative data, longer sampling times should be considered. 
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